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The  purpose  of  this  article  is  to  shed  light  on  some  factors  of
the  historical  development  of  grain  production  in  two  identi-
fiable  areas:  Minnesota  of  the  United  States  of  America  and
Schleswig-Holstein  of  the Federal Republic of  Germany  (FRG).  The
initial  conditions  of  grain  production  were  quite  different  in
both areas. Almost virgin lands  could be brought  into cultivation
in  Minnesota.  In  the  already  more  densely  populated  Schles-
wig-Holstein the  growing  of  grain was  an  experience  of  hundreds
of  years.
From  the  beginning  on,  the  economic  conditions  also  differed
tremendously.  Minnesotan  farmers  had  to  export  their  surplus
grain over  long distances  and were  continuously exposed to world
market conditions and prices.  They were comparatively faced with
an  abundance of  land  and a pressing scarcity of  labor.  The  eco-
nomic  conditions  in  Schleswig-Holstein  were  just  the  opposite,
the  scarcity of  land  led to  high land  prices,  and the  abundance
of  labor  to  low wage rates  for agricultural workers.
Since  1878,  Germany protected  its  farmers  against the  influx of
foreign cereals by tariffs,  and from the  thirties onwards German
and  later  the  European  Community's  grain  prices  were  annually
fixed  independently  from and  above  the  world market  level.  The
comparison  for  both  areas  shows,  however,  that  despite  higher
grain price levels pursued in the E.C.  the real  grain prices de-
clined  as  consequence  of  the  technical  progress  in  both  areas
since World War  II.
An analysis  of the components  of growth of grain production shows
that  there  has  been  a  striking  difference  in  Minnesota  between
the  early  phase  1880  - 1910  and the  more  recent  time  period  of
1950  - 1982.  At  the beginning, area expansion contributed mostly
to  the  growth of  grain production,  during the  latter period  the
cereals'  area became  reduced  and the  yields contributed  most  to
the increase  of grain  production.  In  Schleswig-Holstein  the  in-
crease of  yields always played the major  role in  the expansion of- 2 -
grain  production.  The  penetrating  force  of  declining  grain
prices,  the  fierce  competition  among  all  crops  and  the  almost
stagnant demand  will  certainly  fortify  the  tendency of  reducing
the  grain area.  In Minnesota as well  as  in  Schleswig-Holstein all
efforts  of  increasing the  yields  on  the  remaining  area  will  be
made.  Both  areas  seem  to be  in  this  respect  representative  for
the  production of cereals in  industrial  countries.
The  contribution  starts  with  a description  of  the  factor  endow-
ment and some characteristic agricultural  data. They are  followed
by  a  short  review  of  the  general  development  path of  labor  and
land  productivity  in  both  areas.  In  the  following  part  the
changing  composition  of  the  various  cereal crops  is  investigated
and the similarities  and differences are  noted.  Then,  long-term
trends  of  the  growth  components  of  grain  production  and  the
prices of  cereals and  oilseeds are  examined.  A comparative  con-
cluding remark terminates the contribution.
2  Comparison of  Structures
2.1  Differing Factor Endowments
Minnesota  has  215  000  km2 and is  about  15  times  larger  than  the
federal  state  of  Schleswig-Holstein  (S.-H.)1.  Minnesota extends
between  43 ° and  49 ° N,  Schleswig-Holstein  is  situated  between
53.5 ° and  55 ° N.  Minnesota  has  a  continental  climate  with  high
summer temperatures  and severe  winters.  Agriculture has  its most
important  crops  grown  in the  middle and  southern parts  of Minne-
sota. The average temperature  is  5.4° C and annual precipitations
are  660 mm/m2 . Due  to the  impact of the Gulf  Stream and the site
between  the  North  Sea  and  the  Baltic  Sea,  Schleswig-Holstein
enjoys a generally mild maritime climate.  Schleswig-Holstein  has
an  annual  average temperature  of  8.4° C and  860 mm/m2 . The  more
northern  site  of  Schleswig-Holstein  also  means  longer  daylight
hours  and  a cooler  climate  during  the  main growing  seasons  from
May  to  August  which  enlarge  the  photosynthetic  performance  of
crops.- 3 -
In order  to  derive an  idea about  the productive potential in both
areas,  the  work  of  agronomists  provides some  useful indication.
Applying  the  framework  of  Dutch  agronomists  the  theoretical
maximum  for  Schleswig-Holstein  was  estimated  in  terms  of  grain
equivalents at  13.7  tons  per hectare  (Thomsen, 1987,  p.  103)2.
Figure  1
The  same  procedure  applied  for  Minnesota  yielded  a  theoretical
maximum of  10.6 tons/ha (Weber and Ehlers,  1988).  In  1880, Min-
nesota had  781 000  inhabitants,  the  population  grew  annually  by
1.7  %  to  4.19  million  people  in  1980.  Schleswig-Holstein's
population  increased from 1.13  million in  1880  to presently  2.61
million  people.  The  main  increase  occurred  due  to  the  massive
migration gain of  one million refugees after World War  II.  Since
1950  the  population  is  more- or  less  stagnant.  The  employment
structure  is  similar,  in both  states only five percent are  still
working  in agriculture.  Both  states  are part of an industrial and
urbanized  society  whereas  Schleswig-Holstein  with  2.4  persons
per  hectare  of  agricultural  land  is  almost  seven  times  more
densely populated  (Table 1).  Schleswig-Holstein's farmers  have on
the  average  only  36  hectares  to  work  with,  whereas  the  average
Minnesotan  farmer  has with  122  hectares  a  3.4  times  larger  farm
area.  Considering the overall  structure of  receipts,  the farmer
in  Schleswig-Holstein  relies  due  to  the  agroclimatic  conditions
much  more  on  tending  livestock.  Two  thirds  of  all  sales  are
animal  products  which  only  count  for  the  half  of  all  farm  sales
in Minnesota.
Table  1
In  1880,  a sharp contrast existed between the prices  of  agricul-
tural land  and the  agricultural wage rate within  the  U.S.A.  and
Germany. Labor was  in absolute terms relatively cheap  in Germany,
one day  of  labor  could be  bought by  a  farmer  for  0.32  US-$ 3 at
that  time.  In  the  U.S.A.  a  farmer  had already  to  pay  a  three
times  higher  daily  wage  rate  of  0.90  US-$.  On  the  other  hand,
agricultural  land in  the  U.S.A.  was  with a price of  109 US-$  per- 4 -
hectare extremely cheap compared to Germany,  where  the  value  of
one  hectare  of  agricultural  land  was  315  US-$.  In  1880,  one
hectare of  land had  in the  U.S.A.  a purchasing power of  121 days
of  agricultural labor,  respectively 986  days in Germany, a level
eight  times higher  (Table 2).  Hundred years later,  however, the
relative  scarcity  of  labor  increased  also  tremendously  in  Ger-
many:  At  present,  the respective land / labor ratio is  with  359
days  of  agricultural  labor  only  2.5  times  higher  than  in  the
U.S.A.
Table  2
The difference  in the  initial  factor endowments and factor prices
has  given  each of  the  considered areas  a  typical profile  of pro-
ductivity growth  (Hayami and Ruttan,  1985, p.  118).  In Minnesota,
as  described above, land was abundant and less scarce than  labor.
Consequently, labor productivity took the  lead over  the growth of
land productivity. Schleswig-Holstein's  agriculture put the  first
priority on  increasing the productivity of  land  (Figure 2).  Due
to  the  detrimental  effects  of  World  War  I and  the  economically
turbulent interwar period the labor productivity almost stagnated
in  agriculture.
The  use  of  industrial  inputs  in  form  of  land-  and  labor-saving
technologies  mirrors  the  priority  which  land  or  labor  produc-
tivity respectively had in each area  (Figure 3).  Despite the re-
maining differences  in the attained levels of productivity,  both
areas  seem  to  move  in  the  same  direction.  After World War  II,
Minnesota  made  greater  strides  in  applying  land-saving  techno-
logies  and  in  Schleswig-Holstein  also  labor-saving mechanization
had large  effects. The technical  inputs  from the industry and the
scientific  inputs  from  the  supporting  agricultural  research
system equalize the production conditions.- 5 -
Figures  2 and 3
2.2  Secular  Structural Shifts  in Grain Production
At  the  beginning  of  Minnesota's  settlement,  cereals  covered
96.6 %  of  the  arable  land.  Cereals  seem to have  been more  re-
liable  than  other  cultivable  crops  in  the  experimental  phase  of
bringing new areas  into  cultivation.  Wheat  attained with  67  % a
clear  dominance  over  all  other  crops.  Oats  (15.2  %)  and  corn
(10.6  %)  were the  feed grain  of horses  and hogs,  barley  (3.5  %)
and  rye  (0.3  %) played  a minor  role,  soybeans  did not  yet exist
(Table 3).
Schleswig-Holstein  as  a  much  older settlement  had only 65.5  % of
the arable  land  sown with cereals.  Oats were  the  most  important
cereal  grown  (28.6  %),  followed by  rye  (21,5 %),  the  almost
exclusive  bread  grain  at  this  time.  Wheat  (7.2  %)  was  in  1880
less  important than barley  (8.2  %).
Table  3
Hundred  years  later,  Minnesotan  farmers  had expanded the  arable
land from  1.9  million hectares  to  8.7  million hectares,  whereas
in  Schleswig-Holstein  the  arable  land  had  shrunk  from  657  000
hectares by 8 % to  602  000  hectares.  In Minnesota,  besides  soya
(23  %),  other crops  (28.4  %) seem to have  been more  profitable
beans  and  the  cereal  area became  dramatically reduced from  96  %
to  49  %.  Among  the cereals  wheat lost  its  former  dominance over
corn which now covers one fourth  (26.5 %) of  all  arable land.  In
Schleswig-Holstein,  the  total  area  sown  with  cereals  has  only
been reduced by 3.4  %, wheat  (24.7 %) and barley  (24.1 %) are now
the  preponderant cereals.  Corn  , however,does not  mature and the
climate  is  also  too cold to  introduce  soybeans.  The  large-scale
introduction  of  rapeseed  was  the  most  spectacular  event  in  the
last  decades.- 6 -
Yield differences  among the various cereal crops were more marked
in  Minnesota  than  in  Schleswig-Holstein.  Wheat yields  were sur-
prisingly  low  in  1880  and  corn  almost  counted  the  double  in
yields compared to other grains.  In 1984, wheat and barley had  in
both areas taken the  lead over  oats  and rye. Without taking into
consideration  the  three  times  higher  corn  yields  in  Minnesota,
Schleswig-Holstein's  cereal  growers  increased  the  yields  much
faster.  Assessing  the  yield difference for  all grains,  no  dra-
matic  change  has  occurred  in  both  areas  since  1880  (Table  4).
Obviously,  successful  breeding  strategies  and  better  agronomic
practices  enabled  the  farming  community  to  raise  the  yields  of
those crops which are  in  strong or effective demand.
Table  4
The traditional  international  orientation distinguishes the grain
economy of  Minnesota  from  that  in  Schleswig-Holstein.  The  dis-
tinctive  feature  becomes  clear  if  one  applies  the  general  rule
that  each  country or  region  producing  more  than  800  kg  cereals
per  capita  has  to  be  considered  as  a  permanent  net  exporter  of
grain  (Weber,  1986,  p.  25).  Under these conditions these coun-
tries  or  areas  are  forced to  export  their  surplus  of  grain  be-
cause  their  attained high  food consumption  levels  prohibit  that
the  surplus  grain  can  be  absorbed  by  the  domestic  market.  In
1880,  Minnesotan  farmers  already  produced  2.6  t  of  grain  per
capita.  In  1980,  the amount of cereals produced almost doubled
to 5.5  t per inhabitant  (Table 5).  Since the early settlement the
grain  economy  of  Minnesota  has  therefore  always  been  geared  to
export the growing  surplus.  Huge milling and shipping facilities
characterize  the development.
In  1880,  Schleswig-Holstein  farmers  attained  only  0.5  tons  of
grain per  capita and mainly feed grain still  had to  be  imported.
In  1980,  hundred years  later,  Schleswig-Holstein  farmers still
produced only  0.8  tons  of  grain  per  capita.  However,  at  this
level,  Schleswig-Holstein farmers  have  a  chance  to  become  per-
manent net exporters of grain.- 7 -
Table  5
2.3  Growth Components of  Grain Poduction
Many  factors  contribute  to  the  increase  of  grain  production.  A
comprehensive  data  set  for  the  rising  of  industrial  and  scien-
tific  inputs  is  not available.  Thus, proxies for  labor-  and land
saving technologies  have been  used in  section  2.1.  The  emphasis
in  the  elaboration  of  the  historical  development  of  grain  pro-
duction was therefore placed on changes in the  area and yields of
single cereals.
In  order  to  identify  the  main  sources  of  grain  production
growth,  an  accounting  framework  originally  developed  by Minhas
and  Vaidyanathan  (1965)  has  been  applied.  According  to  their
model,  the  observed  increase  of  total  grain  production  can  be
decomposed  into  four  components:  a)  effects  of  the  changes  in
grain area, b)  effects of  the changes  in grain yields, c)  effects
of  the changes  in the mixture  of grain crops,  and d)  a balancing
interaction  term  has  to  be  added  which  measures  the  change
effects  between  yields  and  cropping  pattern  or  the  mixture  of
4
cereal crops
The changes  in the  two time  periods for  area,  yields,  cropping
pattern  and  interaction  has  been  calculated  as  the  three-year-
average for  the years  1880  and 1910,  respectively 1950 and 1982.
This  procedure  excluded  the  irregularities  of  the  interwar
period. In order to  aggregate the various kinds  of cereals  to  the
total  of  all  cereals,  individual  grain prices  have been used as
weights  (Table 6).  In Minnesota,  there is  a striking difference
with  respect  to  the  various  sources  of  grain  production  growth
between  the  phase  1880-1910  and  the  more  recent  period  of
1950-1982.  During  the  first period,  total grain  production in-
creased  annually  by  2.9  %,  area  expansion accounted  for  2.8  %,
the  respective mixture of  crops grown  for  1.3  %,  and yields  for
only  0.3  %.  The  early experimental  phase  of  selecting  the  most- 8 -
suitable crops  is  well documented by the negative contribution of
-1.6  % which  the  interaction term revealed between cereal yields
and the respective mixture of cereal crops  in the early period.
During  the  period  of  1950-1982,  the  situation  had  totally
changed.  The  area  sown  to cereals  became reduced by -0.4  % p.a.
and  a high  annual  yield  increase  of  2.5  % contributed  mostly to
the  overall  growth  of  grain production  of  2.7  %.  The  yield in-
crease  was  accompanied by  the  positive effects  of the mixture of
crops  (0.3  %)  and the  interaction  effects  (0.2  %)  of  the  latter
with  the  former.  In  both  time  periods,  yields  had  in  Schles-
wig-Holstein  the  dominant  effect  on  grain  production  growth,
followed  in  the  more  recent  period  by  the  effects  of  area  ex-
pansion.
2.4  The  Secular Decline of  Grain Prices
A  determining  factor  of  the  various  growth  conditions  of cerals
has been  the  level  and  the  changing  structure  of  grain  prices.
But  in  each  of  the  two  areas  different  price  regimes  were  in
power.  In  Germany,  since  1878  the  government tried to  protect
cereal producers against  the  influx of imported grain:  first from
Eastern  Europe  and  later  from the  Americas.  The German Empire,
however,  did not  annually  fix its  grain  prices  for  seasons  and
regions before  World  War  I.  Since  the  depression  years  of  the
thirties, the  setting of prices by governments independently from
world market  fluctuations became  common  practice  in  all  European
countries.
Quite  different  was  the  situation  in  Minnesota.  Farmers  have
continuously been exposed  immediately to the  fluctuations and the
level of world market prices.  The price trends  (nominal and real
prices)  for grain and oilseeds are  depicted  in Figures  4,  5, and
6.  As consequence of  the  two distinguishable price regimes,  far-
mers  had  to  adjust  their  grain  production  to  different  price
trends  and  price  ratios.  Wheat  prices  had  among  all  cereals- 9 -
(excluding rice)  in  Minnesota as  well  as  in  Schleswig-Holstein,
in  all periods,  the highest  level  (Weber and Ehlers,  1988,  p.  16;
Thomsen,  1987, p.  50).
Figures  4,5,6
In order  to obtain a long-term perspective of  the  impact changing
grain  prices  may have had  in  the  two areas,  linear  trends were
calculated  for  the  early  period  (1880-1910)  and  the  more  recent
period  (1950-1982).  This  procedure excluded the extreme war time
conditions  of  1914-1918  and  1939-1945  as  well  as  the  turbulent
price movements  and government  interactions  in  the  late  twenties
and the thirties  (Table 7).
Table  7
Before World  War  I,  the  real  prices  for  grains  (with the  excep-
tion  of  barley)  moved  upwards  in  Minnesota.  This  was  in  sharp
contrast  to  the  already  observed  declining  price  trend  in
Schleswig-Holstein.  Obviously,  the opening of export markets  in
overseas  countries  made  it  profitable  for  Minnesotan  farmers  to
extend rigorously the grain production.  After World War  II  grain
prices fell  in  both  areas,  more markedly,  however,  in  Schles-
wig-Holstein.  On  the  other  hand,  in Minnesota,  soybeans expe-
rienced an  upward directed price trend  even in  this  period,  but
this price trend is  statistically not significant.  In the context
of oilseeds  it  is  important to  note that the general fall  of real
grain prices  occurred also for  rapeseed in Germany.
One  can  cautiously  conclude  that  the  general  abundance of  grain
on  world  markets  largely  determines  the  declining  trend  in  real
prices.  On the  other hand,  the permanent  productivity increase
caused  by  the  technical progress  for cereals,  had always  over-
compensated in  the past  the effect of  the declining grain prices.
Presently,  there  is  not  yet  a  final  sign  at  the  wall  that  this
counterbalancing  process  of  productivity  increases  and  declining
grain prices will  very soon be  reversed.- 10  -
3  Concluding Remark
Despite  quite  different  initial  conditions  of  factor  endowments
in Minnesota and Schleswig-Holstein,  yield increasing strategies
have  nowadays  also  become  more  profitable  in  Minnesota  and
replaced  the  earlier  emphasis  on  area  expansion.  Wheat  yields
grew  in  both  areas  faster  than  all  other  grain yields.  Schles-
wig-Holstein could proportionally keep up  its  lead in yields over
Minnesota's  wheat farmers.  On the other hand,  Minnesota's  grain
farmers improved their competitive position by expanding the area
for the  higher  yielding hybrid corn.  A  far-reaching  innovation
was  the  tremendous  expansion  of  the  nitrogen-fixing  soybeans
after  World  War  II.  They  cover  now  almost  one  fourth  of  all
arable land.  The  cooler climate which prevails in Schleswig-Hol-
stein  during  the vegetation  period only  permitted the  introduc-
tion  of  rapeseed as  a major  field crop.  During the  last century
the  average  farm  in  Schleswig-Holstein  has  comparatively  less
gained by adopting and cultivating  new plants.
The  grain  economy  in  the  two  areas  considered  is  more  or  less
representative where  farmers dispose  of  a  rich  diversity of  com-
paratively  cheap  industrial  and  scientific  inputs.  But  in  both
areas exists  nowadays  a  growing ecological  concern,  which  leads
increasingly to  administrative  regulations  like  the  introduction
of upper  limits of  application rates  for agrochemicals.  If  these
trends and declining grain prices will continue,  the traditional
tendency  of  increasing  the  yields  of  cereals  could  come  to  a
halt.
As  long  as  the  international  movement  of  cereals  is  subject  of
protective trade  measures,  an  assessment  to  the  competitiveness
of  each of  the considered areas under the condition of  free trade
has  to  remain  an  unsolved  problem.  One  of  the  most  critical
factors  in  the  evaluation  of  the  competitiveness  of  grain  pro-
duction  in  both  areas  is  the  uncertainty  about  the  future
exchange  rates  of  the  currencies  concerned  (Stanton  and  Nevil-
le-Rolfe,  1986,  p.  10).  But in  any case,  Minnesotan grain  farmers
have  many  assets  on  their  side.  Besides  agroclimatic  advantages- 11  -
it  is  also the  comparatively cost-reducing  large  scale  operation
of  grain  production of  the  majority  of  Minnesotan  farmers  where
only  the  very few  large  grain  farmers  of  Schleswig-Holstein  are
approaching  similar  scales.  A free  international market for
grain  would  be,  however,  the  final  and  valid test  of  competi-
tiveness of  each of  the  areas  investigated.
Endnotes
1. We  are  indebted to  Martin Apeler for computational assistance.
2. The  assumption  of  agronomists  estimating  the  theoretical
maximum of  broad soil  zones  - or  transformed to continents and
country  data  - are  manyfold.  They  are  made  - among  others  -
under  the  assumption  that  all  potential  arable  land  has  been
taken  into  cultivation  and  a  standard  cereal  crop having  the
property  of  a C3 plant serves  as  a  reference crop.  These are
strong assumptions,  for  almost  nowhere  has  it  been  necessary
to cultivate  all potential arable  land.  Furthermore, the pro-
perties of  a cereal  plant are  not  always  alone decisive  which
crops  are grown.  In  other words, desirable  properties  of crops
grown can be besides  cereals:  protein,  oil  content,  fibres,
leafs,  aroma,  spices, etc.  The  advantage of  having a measure
of  the  theoretical maximum  of  food production  is  that  extreme
differences  between  the  fertility of  soils can  be  classified
at world and continental scale.  Therefore,  it  is  always  pos-
sible that single, very fertile  plots reach higher yields than
the  for broad regions calculated theoretical maximum.
3. Before  World  War  I,  German  Marks  were  converted  into  US-$
according  to  the  parity  of  gold  of  that  time.  One  Mark was
equal  to  0.358423  g of  fine gold and one  US-$ respectively was
the equivalent of  1.504632  g fine  gold  (Source:  Deutsche Bun-
desbank, Archiv).
4. The  accounting  framework  of  allocating  the  growth  of  grain
production  to  specified  components  departs  in  the  article  of
B.  S. Minhas  and A. Vaidyanathan from the  following accounting
scheme:12  -
Cereal  Weight  Percentage of Area in Year  Yield in Year
C1  W1  C10 Clt  Y10 Ylt
C 2 W2 C 20 C 2t  Y 20 Y2t
*  · *  *  ·
*  . . . *
The  Ci,s  stand  for  individual  crops,  the  Wi,s  are  constant
price weights in Minnesota respectively in  Schleswig-Holstein.
The weights  consist  of  ten-year averages of cereal prices  for
1890-1899  and  1960-1969.  The  Cio's  and Cit's  are  percentages
of the  individual cereal  crop in  the  years  0 and  t at  the be-
ginning and  the end of the  period under  study.  The  Yi0's  and
the  Yit's  are  the  three-year  average  yields  in  the  base  and
final year. The additive scheme of decomposition uses the fol-
lowing notation:
P0 = Cereals Production in  Year  0,  Pt  = Cereals Production in
Year t,  A0 = Total Cereals Area in Year  0, At = Total Cereals
Area in Year t.
Definitions:  P  A0  WiCiYi; Pt  At WiitYit
The  identifiable  components  of  the  increases  in  cereals  pro-
duction can be calculated as  follows:
Pt  P  =  (At - 0)WCiY  +  At  WiCi0(YO  Y ) +  At
YWiYio(Ci -Ci0)  + At Wi(Yit - Yi)  (Cit - Ci0) i iO  iti  tt  i  it  it
The  first  element  of  the  equation's  right-hand  side  is  the
area  effect  which  calculates  the  change  of  production  while
the  yields  and  the  cropping  pattern  are  held constant.  The
second  term  measures  the  effect  of  yield  changes  for  an  un-
changed cropping pattern of  cereals.  The  third element  indi-
cates  the  effect  of  changes  of  the  cropping  pattern  for
cereals.  The  fourth  and  last  term  measures  the  effects  on
grain  production  which could be  attributed to the  interaction
between yield changes and cropping pattern changes of cereals.
The  accounting framework relies on several assumptions.  Every
added  area  has  the  same  quality  as  the  average  area  already
cultivated with cereals.  Further, the agroclimatic conditions,- 13  -
the technical,  social and economic infrastructure are assumed
to  remain  constant.  The  accounting  framework,  therefore,
implies  that  all  changes  are  strictly  related  to  factors
within the grain economy.
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Minnesota and Schleswig-Holstein, 1880-1980Table  1:  Agricultural Characteristics  of  Minnesota and Schleswig-Holstein
in 1985
Minnesota  Schleswig-Holstein
Population  in  Mill.  4.19  2.61
Population per Hectare
of  Agricultural Land  in Persons  0.345  2.37
Number of  Agricul-
cultural Workers  in  1000  188 a)  59 a)
in  percent  5.9  5.2
Number of  Farms  in 1000  101  32
Average Farm Size  in hectares  122  36
Farm Receipts
Crops  in  percent  50.2  33.3
Livestock  in  percent  49.8  66.7
a) 1980.
Source: Minnesota Department of  Agriculture  (Ed.), Minnesota Agri-
cultural Statistics,  St.  Paul  1986. - Statistisches  Landes-
amt  Schleswig-Holstein  (Ed.),  Statistisches Jahrbuch Schleswig-
Holstein. Kiel  1986.
Table 2:  Land / Labor Price-Ratio in Germany and the  USA
(1880 - 1980)
Year  Germany a)  USA
Labor  days needed to buy one hectare  of  agricultural land b)
1880  986  121
1900  805  106
1930  557  114
1950  1029  98
1960  700  105
1970  360  92
1980  359  134
a) From 1950 onwards Federal Republic  of  Germany. - b) Germany:
agricultural  land, USA:  arable land.
Source: Calculated from:  Y. Hayami and V.W.Ruttan. Agricultural
Development,  An International Perspective. Baltimore and
London  1985,  p.483.  - A. Weber.  "Langfristige  Energiebi-
lanz in  der  Landwirtschaft.  Energieeinsatz und Energieum-
wandlung in der deutschen Landwirtschaft  von  1880 bis
1977." Schriftenreihe des Bundesministeriums  fir Ernahr-
ung, Landwirtschaft und Forsten,  Reihe  A:  Landwirtschaft-
Angewandte Wissenschaft,  Heft  221.  MHnster-Hiltrup  1979,
pp.  61-63  (prolongated to  1980).Table  3:  Arable  Land  Use  in  Minnesota  and  Schleswig-Holstein,
1880  and  1984
Minnesota  I  Schleswig-Holstein
1880  1984  I  1880  1984
(Three-year  averages)
1000  ha  %  1000  ha  %  I  1000  ha  %  1000  ha  %
------------------------------------- I----------------------------
Wheat  1278  67.0  996  11.4  I  47  7.2  149  24.7
Barley  67  3.5  379  4.3  I  54  8.2  145  24.1
Oats  290  15.2  493  5.7  I  188  28.6  28  4.6
Rye  6  0.3  60  0.7  I  141  21.5  52  8.6
Corn  202  10.6  2310  26.5  I  -
Soya  - - 2003  23.0  I 
Rapeseed  - - - - I  - - 91  15.1
Others  65  3.4  2476  28.4  I  227  34.6  138  22.9
Total  1907  100.0  8717  100.0  I  657  100.0  602  100.0
------------------------------------- I----------------------------
Source:  Calculated  with  data  from:  Minnesota  Department  of  Agriculture
(Ed.).  Minnesota  Agricultural  Statistics.  St.  Paul,  various
issues.  - Statistisches  Landesamt  Schleswig-Holstein  (Ed.).
Beitriae  zur  historischen  Statistik  Schleswia-Holsteins.  Kiel
1967.  - Statistisches  Landesamt  Schleswig-Holstein  (Ed.).
Statistisches  Jahrbuch  Schleswig-Holstein.  Kiel,various  issues.
Table  4:  Grain  Yields in Minnesota  and  Schleswig-Holstein,  1880  and  1984,  t/ha
Minnesota  I  Schleswig-Holstein  I  Minnesota  as  per-
1880  1984  Index  I  1880  1984  Index  I  centage of  S.-H.
t  per hectare  a)  I  t  per hectare  a)  I  in  1984
I  I
Wheat  0.83  3.12  376  I  1.38  7.12  516  I  44
Barley  0.159  3.29  207  I  1.35  5.62  416  I  59
Oats  1.23  2.28  185  I  1.27  4.36  343  I  52
Rye  1.12  2.09  187  I  1.08  4.18  387  I  50
Corn  2.13  6.53  307  I  . . .
Subtotal b)  0.92  2.91  316  I  1.23  5.93  482  I  49
Total  grain  0.105  4.88  465  I  1.23  5.93  482  I  82
a)  1880=100.  - b)  Total Grain  without  Corn.
Source:  Calculated  with data  from:  Minnesota  Department  of  Agriculture  (Ed.).
Minnesota  Agricultural  Statistics.  St.  Paul,  various  issues.-  Statis-
tisches  Landesamt  Schleswig-Holstein  (Ed.).  Beitraae  zur historischen
Statistik  Schleswia-Bolsteins.  Kiel  1967.  - Statistisches  Landesamt
Schleswig-Holstein  (Ed.).  Statistisches  Jahrbuch  Schleswig-Holstein.
Kiel,  various  issues.Table 5:  Development of the Population and the  Production of  Grain
Minnesota and  Schleswig-Holstein,
1880  - 1980
Minnesota  Schleswig-Holstein
Population  Grain-Production  Population  Grain-Production
Total  Per Capita  Total  Per Capita
Year  1000  1000 t  t  1000  1000  t  t
1880  781  1929  2.47  1128  575  0.51
1910  2076  5353  2.58  1621  982  0.61
1930  2564  7580  2.96  1589  754  0.47
1950  2982  10226  3.43  2595  711  0.27
1980  4075  22435  5.51  2605  2150  0.83
U.S. Department of  Commerce. Historical Statistics of  the  United
States. Colonial Times  to  1970.  Part 1.  Washington, D.C.,  1975.
,Statistical Abstract  of  the  United States. Washington, D.C.,
various issues.  - Statistisches Bundesamt,  Statistisches Jahrbuch  fur
die BundesrePublik Deutschland, Wiesbaden, various issues.  - Statisti-
sches Reichsamt,  Statistisches Jahrbuch  fur das Deutsche Reich. Ber-
lin, various  issues.
Table  6:  Annual Growth Rates  (compound) of  Grain Production and
its Components  in Minnesota and Schlewig-Holstein
1880-1910  a),  1950-1982 b)
Minnesota  Schleswig-Holstein
Item  1880-1910  1950-1982  1880-1910  1950-1982
Annual change in  percent
Total Grain Produktion  2.89  2.66  2.06  3.94
Area-Effect  2.83  -0.42  0.17  1.13
Yield-Effect  0.29  2.54  1.89  2.05
Crop Pattern Effect  1.34  0.32  0.01  0.52
Interaction between
Yield and  Crop Pattern
Effects  -1.55  0.21  0  0.18
a) Average prices  from 1890  to  1899 used  as  weight.  - b) Average prices
from 1960  to  1969 used  as  weight.Table 7:  Linear Trends a)  of  Real  Prices b) for Cereals  and
Oilseeds in  Minnesota and Schleswig-Holstein
1880-1910 and  1950-1980
Minnesota  Schleswig-Holstein
Crop  1880-1910  1950-1980  1880-1910  1950-1980
Annual change  in percentage points
Wheat  0.42 *  -1.14  -0.61  -2.54
Barley  -0.16  *  -0.43  *  -0.29  -2.52
Oats  0.78 *  -0.57  -0.14  *  -2.38
Rye  0.59 *  -0.97  -0.51  -2.70
Corn  0.67  *  -0.81  - -
Soybeans  - 0.46  *
Rapeseed  - -1.71
* Not  significant at  95 percent  level  of  confidence. -
a) Calculated according to  the  formula y =  a +  bx where y
stands for  the  eachs cereal's annual price index, x for  time,
a and b are coefficients.  - b)  Nominal  prices  of  crops in
Minnesota respectively in  Schleswig-Holstein were divided
by the pertinent  National Consumer Price  Index.Figure 1  :  MAP  OF MINNESOTA AND SCHLESWIG-HOLSTEIN
Minnesota
Inhabitants  (1000)  4193
Land  Area  (1000  ha)  20603
Arable  Land ( 1000 ha)  7167
Annual  average
Temperature  (oC)  5..
Annual  precipitation  (mm)  660
Inhabitants  I  1000  2612
Land  Aea  I  10OOho)  1573 
Arable  Land  I  1000 ha  608
Annual  average
Temperature  I  C  )  9 
Annual  preciptation(mmi  897
Schleswig  - Holstein  '  ,
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U-Table Al:  Factor  Input  In .innesota  and  Schleswig-Holstein.  ;,J3-.980,
Selected  Years,  in 1000's
Agricultural  Agricultural  Nitrogen  (t)  Tractor
land  (ha)  labor  (persons)  horsepower
Year  Min  S-H  Min  S-H  Min  S-H  Min  S-H
1880  5428  1635  310  189  - - - -
1890  7559  1618  357  197  - - - -
1900  10630  1508  385  209  - - - -
1910  11209  1506  404  231  - - - -
1920  12240  1295  399  218  - - 322  -
1925  12174  1283  391  245  - 13  783  5
1930  12520  1186  374  231  - 14  1330 
1935  13325  1174  356  254  - 19  1611 
1940  13244  - 322  - - - 2531 
1945  13041  - 300  - 2  - 3612 
1950  13487  1186  308  252  6  32  5039  193
1955  13487  1189  331  211  29  48  6605  546
1960  13122  1187  266  161  59  67  8390  800
1965  13001  1171  229  113  104  96  9320  1296
1970  12515  1153  177  91  373  123  9946  1631
1975  12393  1138  198  67  408  137  11341  1910
1980  12150  1101  188  59  561  195  16159  2394
---------------------------------------- _________________________________________
Source:  R. Schrimper, Minnesota Agriculture-Crops 1858-1958.  St.  Paul 1958,
p.7ff.  - Minnesota Department of  Agriculture  (Ed.),  Minnesota Agri-
cultural Statistics.  St.  Paul various  issues. - Kaiserliches Statistisches
Amt  (Ed.),  Statistisches Jahrbuch fur  das Deutsche Reich. Berlin,
various  issues.-  Statistisches Landesamt  Schleswig-Holstein  (Ed.),  Bei-
trage  zur historischen Statistik Schleswig-Holsteins.  Kiel 1967.  -
Statistisches Bundesamt  (Ed.),  Statistische Berichte,  Serie B. Boden-
-.----- _  ...  . r,  n  vi ochaAin.  various  issues. - Own calculations.
Table A2: Grain  Yields, Total  Grain Production and Factor  fEoidat
in  Minneota  and  Schleswig-bolstein,  1880-1980,  Selected Years.
Grain  Yield  Total  Production Tractor  rsepo er  Nitrogen  Tbtal Productico  in  t
in t/ha  in 1000  t  per agri.  worker  in  kg/ha  per agricultural  worker
Year  tin  S-H  Min  S-H  Min  S-H  Min  S-H  Min  S-H
1880  1.08  1.32  2038  566  - - - - 6.57  2.99
1890  1.05  1.35  2955  588  - - - - 8.28  2.98
1900  0.98  1.92  4308  856  - - - - 4.10
1910  1.21  2.15  5051  972  - - - - 12.50  4.21
1920  1.40  1.80  6701  503  1  - - - 16  79  2.31
1925  1.57  2.00  8217  691  2  - - 10.13  21.02  2.82
1930  1.53  1.06  7920  725  4  - - 11.80  21.18  3.14
1935  1.49  2.31  8405  758  5  - - 1618  23.61  298
1940  1.83  - 9232  - 8  - - - 28  67  -
1945  1.89  - 9921  - 12  - 0.15  - 33.07 
1950  1.76  2.29  9017  645  16  1  0.44  26.98  29.28  2.56
1955  2.15  2.81  10301  821  20  3  2.15  40.37  31.12  3.89
1960  2.59  3.19  12155  1083  32  5  4.50  56.44  45.70  6.73
1965  2.87  3.27  10256  1152  41  U  8.00  81.$8  44.79  10.19
1970  3.51  3.34  13376  1294  56  18  29.80  106.68  75.57  14.22
1975  3.18  4.29  14969  1834  57  29  32.92  120.39  75.60  27.37
1980  4.25  5.00  20291  2066  86  41  46.17  177.11  107.93  35.02
Source:  Cf. Table Al.